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缩略词 英文名称 中文名称 
Ala (A) Alanine 丙氨酸 
Amp Ampicillin  氨苄青霉素 
Arg (R) Arginine 精氨酸 
Asn (N) Asparagine 天冬酰氨 
Asp (D) Aspartic acid 天冬氨酸 
ATP Adenosine triphosphate 三磷腺苷 
BLAST Basic Local Alignment Search Tool 基本局域联配搜寻工具 
bp Base pair 碱基对 
cDNA Complementary DNA 互补脱氧核糖核酸 
Cys (C) Cysteine 半胱氨酸 
Da Dalton 道尔顿 
DDW Double distilled water 双蒸水 
DNA Deoxyribonucleic acid 脱氧核糖核酸 
dNTPs Deoxyribonucleoside triphosphate 脱氧核糖核苷三磷酸 
EB Ethidium bromide 溴化乙锭 
Gln (Q) Glutamine 谷氨酰胺 
Glu (E) Glutamica acid 谷氨酸 
Gly (G)  Glycine 甘氨酸 
His (H) Histidine 组氨酸 
Kb  Kilobase 千碱基 
Ile (I) Isoleucine 异亮氨酸 
LB Luria-Bertani medium 大肠杆菌培养基 
Leu (L) Leucine 亮氨酸 
Lys (K) Lysine 赖氨酸 
Met (M) Methionine 甲硫氨酸 
mRNA Messenger ribonucleic acid 信使核糖核酸 
















OD Optical density  光密度 
ORF Open reading frame 开放阅读框 
PCR  Polymerase chain reaction 聚合酶链反应 
Phe (F) Phenylanaline 苯丙氨酸 
pI Isoelectric point 等电点 
Pro (P) Proline 脯氨酸 
RACE Rapid amplification of cDNA ends 快速扩增 cDNA 末端 
rpm Revolutions per minute 每分钟转数 
RT Reverse transcription 反转录 
Ser (S) Serine 丝氨酸 
TAE Tris-acetic acid-EDTA buffer Tris-乙酸 EDTA 缓冲液 
Thr (T) Threonine 苏氨酸 
Tris Tris hydroxymethyl aminomethane 三羟甲基氨基甲烷 
Tm Melting temperature 退火温度 
Trp (W) Tryptophan 色氨酸 
Tyr (Y) Tyrosine 酪氨酸 
UTR Untranslated region 非翻译区 














摘   要 
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第一部分 拟穴青蟹cyclin A与cyclin B的分子克隆和表达研究 
1 获得拟穴青蟹 cyclin A 与 cyclin B 全长 cDNA 序列 
利用 cDNA 末端快速扩增（rapid amplification of cDNA ends，RACE）和基
因克隆等分子生物学技术，测定了拟穴青蟹 cyclin A 与 cyclin B 全长 cDNA 序列，
推导出其氨基酸序列，结果已登录 GenBank，登录号为 HM241911 与 FJ705251。 
拟穴青蟹 cyclin A全长 cDNA共2282 bp，包括184 bp 5′非编码区（untranslated 
region，UTR），655 bp 3′UTR，和一个 1443 bp 的开放阅读框（open reading frame，
ORF）。ORF 编码一条 480 残基的氨基酸链，经软件分析其分子量为 53715.3 Da，
等电点为 6.11。 
拟穴青蟹 cyclin B 全长 cDNA 共 1437 bp，包括 133 bp 5′UTR，98 bp 3′UTR，
和一个 1206 bp 的 ORF。ORF 编码一条 401 残基的氨基酸链，经软件分析其分
子量为 45717.0 Da，等电点为 8.96。 
2 拟穴青蟹两种 cyclin 与同源蛋白的比较 
将本实验所推测的拟穴青蟹 cyclin A 与 cyclin B 氨基酸序列用 Blastp 程序在
GenBank 中进行搜索比对。其结果显示本实验所得的氨基酸序列与其它物种有一
定的相似性，如 cyclin A 相似性为斑节对虾 Penaeus monodon（66%）、丽蝇蛹集
金小蜂 Nasonia vitripennis（38%）、斑马纹贻贝 Dreissena polymorpha（38%），
cyclin B 相似性为中华绒螯蟹 Eriocheir sinensis（71%）、日本囊对虾 Marsupenaeus 
japonicus（61%）、欧洲笠螺 Patella vulgata（50%）、日本林蛙 Rana japonica cyclin 













摘   要 
II 
保守的。而根据氨基酸序列绘制的分子系统树中，本实验所得拟穴青蟹的 cyclin 
A 与 cyclin B 处于无脊椎动物分支中，这与已有的研究相似。 
3 cyclin A 与 cyclin B 在拟穴青蟹各组织器官的表达 
运用半定量RT-PCR技术，分别检测了发育早期雌性拟穴青蟹的8个组织（包
括肌肉、肝胰腺、心脏、鳃、脑、胃、胸神经团和卵巢）中 cyclin A 与 cyclin B




早期、发育期、将成熟期和成熟期)卵巢中 cyclin A 与 cyclin B 的转录表达情况。
结果显示 cyclin A 与 cyclin B 表达结果为：这两种 cyclin 表达量随性腺的发育成
熟而增高。这一结果表明这两种 cyclin 与卵原细胞的有丝分裂和卵母细胞的减数
分裂是有一定相关性的。 
第二部分 中国鲎cyclin A与cyclin B的分子克隆和序列分析 
1 获得中国鲎cyclin A与cyclin B全长cDNA序列 
利用 RACE 和基因克隆等分子生物学技术，测定了中国鲎 cyclin A 与 cyclin B
全长 cDNA 序列，推导出其氨基酸序列，结果已登录 GenBank，登录号为
HM852953 与 GQ260127。 
中国鲎 cyclin A 全长 cDNA 共 3001 bp，包括 692 bp 5′UTR，917 bp 3′UTR，
和一个 1392 bp 的 ORF。ORF 编码一条 463 残基的氨基酸链，经软件分析其分
子量为 52773.2 Da，等电点为 5.54。 
中国鲎 cyclin B 全长 cDNA 共 1545 bp，包括 95 bp 5′UTR，265 bp 3′UTR，
和一个 1185 bp 的 ORF。ORF 编码一条 394 残基的氨基酸链，经软件分析其分子
量为 44925.1 Da，等电点为 8.51。 
2 中国鲎两种 cyclin 与同源蛋白的比较 
将本实验所推测的中国鲎 cyclin A 与 cyclin B 氨基酸序列用 Blastp 程序在
GenBank 中进行搜索比对。其结果显示本实验所得的氨基酸序列与其它物种亦有
一定的相似性，如 cyclin A 相似性为斑节对虾 P. monodon（57%）、拟穴青蟹 S.  













摘   要 
III 
马纹贻贝 D. polymorpha（51%）、盘鲍 Haliotis discus discus（50%）、大西洋浪蛤
Spisula solidissima（55%），由此同样可说明 cyclin A 与 cyclin B 氨基酸的一级结
构在进化中是较为保守的。而根据氨基酸序列绘制的分子系统树中，本实验所得
中国鲎的 cyclin A 与 cyclin B 同样处于无脊椎动物分支中，这与已有的研究也相
似。 
 

















Scylla paramamosain, as an important commercial marine crab, is the dominant 
species in the four species of genus Scylla in the coast of southeastern China. And 
Tachypleus tridentatus is a kind of old marine marine arthropods, with important 
scientific significance and medicinal value.  
Cell division, a very important characteristic of cell metabolismes, is strictly 
scrutinized by cell regulation mechanism. And cyclin A and cyclin B are just quite 
significant regulative factors. This paper studied cyclin A and cyclin B of S. 
paramamosain and T. tridentatus by molecular biology methods, to elucidate their 
molecular structures, evolutional footing and relationship with ovary development. 
Therefore the result is useful for further research of reproductive regulation 
mechanism and development of aquaculture. The main results and conclusions can be 
divided into two parts as follows: 
Part I: Gene cloning and expression study of cyclin A and cyclin B 
from S. paramamosain 
1 Obtaining full-length cDNA sequences of both cyclin A and cyclin B from 
S. paramamosain 
The S. paramamosain cyclin A and cyclin B sequences were cloned using rapid 
amplification of cDNA end (RACE) method. Both the cDNA sequences and the 
presumed amino acid sequences have been accepted by GenBank, and the accession 
numbers are HM241911 and FJ705251, respectively. 
The full-length cyclin A cDNA was 2282 bp, including a 5′untranslated region 
(UTR) of 184 bp, a 3′UTR of 655 bp, and an open reading frame (ORF) of 1443 bp 
nucleotides. The ORF encoded a polypeptide of 480 amino acids with calculated 
molecular mass of 53715.3 Da and theoretical point of 6.11.  
The cyclin B cDNA was 1437 bp, including a 5′UTR of 133 bp, a 3′UTR of 98 bp, 
and an ORF of 1206 bp nucleotides. The ORF encoded a polypeptide of 401 amino 
acids with calculated molecular mass of 45717.0 Da and theoretical point of 8.96. 
2 Amino acid sequence alignment between homologous protein of cyclin A 
and cyclin B 















deduced amino acid sequence showed similarities with known cyclin A or cyclin B 
sequences, such as cyclin A: P. monodon (66%), N. vitripennis (38%), D.  
polymorpha (38%); and cyclin B: E. sinensis (71%), M. japonicus (61%), P. vulgate 
(50%), R. japonica cyclin B1 (48%). This suggested that the primary structures of 
cyclin A and cyclin B proteins were conserved throughout the evolution. The 
dendrogram, based on comparison of cyclin A and cyclin B proteins in different 
species, was basically in agreement with the classic taxonomic structure for S. 
paramamosain converging into the same branch with other invertebrate species. 
3 Expressions studies of the cyclin A and cyclin B 
The expression studies of the cyclin A and cyclin B was examined by RT-PCR 
method in 8 different tissues and organs (including: muscle, hepatopancreas, heart, 
gill, brain, stomach, thoracic ganglion mass and ovary) and the ovary at different 
maturation stages (including undeveloped stage, early-developing stage, developing 
stage, nearly-ripe stage and ripe stage). The result in 8 different tissues and organs 
showed that cyclin A and cyclin B mRNA was expressed predominantly in ovary and 
heart, little in hepatopancreas, gill, brain and stomach, and no signal was detected in 
muscle and thoracic ganglion mass. This result of tissue expression might indicate the 
characteristic of tissues and organs growth. The result of the ovaries at different 
maturation stages showed that, during the ovarian maturation, the abundance of cyclin 
A and cyclin B mRNA steadily increases from un-developed stage to nearly-ripe stage 
and reaches the peak level in the ripe stage, suggesting that cyclin A and cyclin B may 
play a role in the cell proliferation during the mud crab ovarian maturation, both 
mitotically and meiotically. 
Part II: Gene cloning and sequence analysis of cyclin A and cyclin B 
from T. tridentatus 
1 Obtaining full-length cDNA sequences of both cyclin A and cyclin B from 
T. tridentatus  
The T. tridentatus cyclin A and cyclin B sequences were cloned using RACE 
method. Both the cDNA sequences and the presumed amino acid sequences have been 
















The cyclin A cDNA was 3001 bp, including a 5′UTR of 692 bp, a 3′UTR of 917 
bp, and an ORF of 1392 bp nucleotides. The ORF encoded a polypeptide of 463 
amino acids with calculated molecular mass of 52773.2 Da and theoretical point of 
5.54.  
The full-length cyclin B cDNA was 1545 bp, including a 5′UTR of 95 bp, a 3′ 
UTR of 265 bp, and an ORF of 1185 bp nucleotides. The ORF encoded a polypeptide 
of 394 amino acids with calculated molecular mass of 44925.1 Da and theoretical 
point of 8.51.  
2 Amino acid sequence alignment between homologous protein of cyclin A 
and cyclin B 
When subjected to homology search in the GenBank database using Blastp, the 
deduced amino acid sequence showed similarities with known cyclin A or cyclin B 
sequences, such as cyclin A: P. monodon (57%), S. paramamosain (49%), D. 
polymorpha (43%), cyclin B: D. polymorpha (51%), H. discus (50%), S. solidissima 
(55%). It also suggested that the primary structures of cyclin A and cyclin B proteins 
are conserved throughout the evolution. The dendrogram, based on comparison of 
cyclin A and cyclin B proteins in different species, was basically in agreement with 
the classic taxonomic structure for T. tridentatus converging into the same branch 
with other invertebrate species too. 
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